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(57) ABSTRACT

Embodiments of the present disclosure are a semiconductor
device, a FInFET device, and a method of forming a FinFET
device. An embodiment is semiconductor device including a
first FinFET over a substrate, wherein the first FinFET
includes a first set of semiconductor fins. The semiconductor
device further includes a first body contact for the first Fin-
FET over the substrate, wherein the first body contact
includes a second set of semiconductor fins, and wherein the
first body contact is laterally adjacent the first FinFET.
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1
FINFET WITH EMBEDDED MOS VARACTOR
AND METHOD OF MAKING SAME

BACKGROUND

Transistors are key components of modern integrated cir-
cuits. To satisfy the requirements of increasingly faster speed,
the drive currents of transistors need to be increasingly
greater. Since the drive currents of transistors are proportional
to gate widths of the transistors, transistors with greater
widths are preferred. The increase in gate widths, however,
conflicts with the requirements of reducing the sizes of semi-
conductor devices. Fin field-effect transistors (FinFET) were
thus developed.

In state-of-the-art circuits, the operational frequency of the
integrated circuit is in the order of several hundreds of mega-
hertz (MHz) to several giga-hertz (GHz). In such circuits, the
rising time of clock signals is very short, so that voltage
fluctuations in the supply line can be very large. Undesired
voltage fluctuations in the power supply line powering a
circuit can cause noise on its internal signals and degrade
noise margins. The degradation of noise margins can reduce
circuit reliability or even cause circuit malfunction.

To reduce the magnitude of voltage fluctuations in the
power supply lines, filtering, or decoupling capacitors may be
used. Decoupling capacitors act as charge reservoirs that
additionally supply currents to circuits when required to pre-
vent momentary drops in supply voltage.

In an attempt to incorporate the decoupling capacitor with
the other circuitry, the decoupling capacitor has been placed
on-chip. One attempt at using an on-chip decoupling capaci-
tor utilizes a thin-film planar capacitor. These capacitors,
however, generally require large areas and are difficult to
design and fabricate such that the capacitors have a suffi-
ciently large enough capacitance.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present embodi-
ments, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

FIGS. 1 through 5B illustrate in cross-sectional and top
down views various stages in the manufacture of a FinFET
device structure according to an embodiment;

FIGS. 6A and 6B illustrate schematic representations of a
PMOS configuration and an NMOS configuration, respec-
tively, of the FinFET device illustrated in FIG. 5A;

FIG. 7 illustrates in top-down view a FinFET device with
an embedded varactor according to another embodiment; and

FIGS. 8A and 8B illustrate schematic representations of a
PMOS configuration and an NMOS configuration, respec-
tively, of the FinFET device illustrated in FIG. 7.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

Reference will now be made in detail to embodiments
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts. In the
drawings, the shape and thickness may be exaggerated for
clarity and convenience. This description will be directed in
particular to elements forming part of, or cooperating more
directly with, methods and apparatus in accordance with the
present disclosure. It is to be understood that elements not
specifically shown or described may take various forms well
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2

known to those skilled in the art. Many alternatives and modi-
fications will be apparent to those skilled in the art, once
informed by the present disclosure.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described in connection with the
embodiment is included in at least one embodiment. Thus, the
appearances of the phrases “in one embodiment” or “in an
embodiment” in various places throughout this specification
are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or character-
istics may be combined in any suitable manner in one or more
embodiments. It should be appreciated that the following
figures are not drawn to scale; rather, these figures are merely
intended for illustration.

Embodiments will be described with respect to a specific
context, namely a FinFET device with a body contact. Other
embodiments may also be applied, however, to other devices
with a FinFET structure with an embedded varactor.

FIG. 1 illustrates a cross-sectional view of a FinFET device
100 at an intermediate stage of processing. The FinFET
device 100 includes a semiconductor layer 22 on a semicon-
ductor substrate 20. The semiconductor substrate 20 may
comprise bulk silicon, doped or undoped, or an active layer of
a silicon-on-insulator (SOI) substrate. Generally, an SOI sub-
strate comprises a layer of a semiconductor material such as
silicon, germanium, silicon germanium, SOI, silicon germa-
nium on insulator (SGOI), or combinations thereof. Other
substrates that may be used include multi-layered substrates,
gradient substrates, or hybrid orientation substrates.

The semiconductor substrate 20 may include active
devices (not shown in FIG. 1 for clarity). As one of ordinary
skill in the art will recognize, a wide variety of devices such as
transistors, capacitors, resistors, combinations of these, and
the like may be used to generate the structural and functional
requirements of the design for the FinFET device 100. The
devices may be formed using any suitable methods. The
active FinFETs 28 may be electrically coupled to the active
and passive devices. Only a portion of the semiconductor
substrate 20 is illustrated in the figures, as this is sufficient to
fully describe the illustrative embodiments.

The semiconductor layer 22 may be formed of semicon-
ductor material such as silicon, germanium, silicon germa-
nium, or the like. In an embodiment, the semiconductor layer
22 is silicon. The semiconductor layer 22 may then doped
through an implantation process to introduce p-type or n-type
impurities into the semiconductor layer 22.

In FIGS. 2A and 2B, the patterning of the semiconductor
layer 22 into the active fins 24 and the body contact fins 26 is
illustrated. FIG. 2A is a top-down view of FinFET device 100
and FIG. 2B is a cross-sectional view along line 2B in FIG.
2A. The fin patterning process may be accomplished by
depositing mask material (not shown) such as photoresist or
silicon oxide over the semiconductor layer 22. The mask
material is then patterned and the semiconductor layer 22 is
etched in accordance with the pattern. The resulting structure
includes a plurality of active fins 24 and body contact fins 26
formed in the semiconductor layer 22. Each fin of the plural-
ity of active fins 24 and body contact fins 26 has a sidewall
being substantially orthogonal to a top surface of the semi-
conductor substrate 20. In some embodiments, the semicon-
ductor layer 22 is etched to a specific depth, meaning the
active fins 24 and the body contact fins 26 are formed to a
height, the active fins 24 height h, from about 10 nm to about
500 nm and the body contact fins 26 height h; from about 10
nm to 500 nm. In one specific embodiment, the active fins 24
are formed to a height h, of about 110 nm and the body
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contact fins 26 are formed to a heighth, ofabout 110 nm. The
active fins 24 may have a width w, from about 5 nm to 50 nm
and the body contact fins 26 may have a width w, from about
5 nm to 50 nm. As shown in FIG. 3a, the active fins 24 may
have a length L., from about 0.01 um to 10 um and the body
contact fins 26 may have a length I, from about 0.1 umto 10
um. In an alternative embodiment, active fins 24 and body
contact fins 26 may be epitaxially grown from a top surface of
the semiconductor substrate 20 within trenches or openings
formed in a patterned layer atop the semiconductor substrate
20. Because the process is known in the art, the details are not
repeated herein.

The active fins 24 serve as the fin structure for the to-be-
formed FinFETs 28 and the body contact fins 26 serve as the
fin structure for the body contacts 30. Each FinFET 28 may
comprise a single active fin 24 to as many active fins 24 as
necessary for the FinFET device 100. FIGS. 1 through 5B
illustrate the formation of two FinFETs 28, each with four
active fins 24 as a non-limiting illustrative embodiment. Simi-
larly, the body contacts 30 may comprise a single body con-
tact fin 26 to as many body contact fins 26 as necessary for the
FinFET device 100 rather than the three body contact fins 26
illustrated in FIGS. 2A through 5B.

Referring now to FIGS. 3A and 3B, a dielectric layer 32 is
blanket deposited on the FinFET device 100. The dielectric
layer 32 may be made of one or more suitable dielectric
materials such as silicon oxide, silicon nitride, low-k dielec-
trics such as carbon doped oxides, extremely low-k dielec-
trics such as porous carbon doped silicon dioxide, a polymer
such as polyimide, combinations of these, or the like. The
dielectric layer 32 may be deposited through a process such as
chemical vapor deposition (CVD), or a spin-on-glass process,
although any acceptable process may be utilized.

FIGS. 4A and 4B illustrate the next step in the manufac-
turing process, wherein the dielectric layer 32 is thinned to
below the level of the tops of the active fins 24 and the tops of
the body contact fins 26. The dielectric layer 32 may be
thinned back in a variety of ways. In one embodiment, this is
a multi-step process with the first step involving a chemical
mechanical polishing (CMP), in which the dielectric layer 32
is reacted and then ground away using an abrasive. This
process may continue until the tops of the active fins 24 and
the body contact fins 26 are exposed. The next step of thinning
the dielectric layer 32 below the tops of the active fins 24 and
body contact fins 26 may be performed in a variety of ways.
One such way is by a diluted hydrofluoric acid (DHF) treat-
ment or a vapor hydrofluoric acid (VHF) treatment for a
suitable time. In another embodiment, the CMP process step
may be skipped and the dielectric layer 32 may be selectively
thinned back without removing the active fins 24 and the body
contact fins 26. This selective thinning may be performed by
the DHF treatment or the VHF treatment described above.

FIGS. 5A and 5B illustrate the formation of the active gates
38 over the active fins 24, the dummy gates 34 over the ends
of the active fins 24 and the body contact fins 26, and the
dummy gates 36 over the body contact fins 26. The width and
length ofthe dummy gates 34 and 36 may be different than the
active gates 38 (see FIG. 5A), or the dummy gates 34 and 36
may have a same width and length as the active gates 38. The
active gates 38 and the dummy gates 34 and 36 may include
a gate dielectric layer (not shown), a gate electrode (not
shown), and gate spacers (not shown). The gate dielectric
layer may be formed by thermal oxidation, CVD, sputtering,
or any other methods known and used in the art for forming a
gate dielectric. In other embodiments, the gate dielectric layer
includes dielectric materials having a high dielectric constant
(k value), for example, greater than 3.9. The materials may
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4

include silicon nitrides, oxynitrides, metal oxides such as
HfO,, HfZrO,, HfSiO , HfTiO,, HfAIO,, the like, or combi-
nations and multi-layers thereof.

The gate electrode layer may be formed over the gate
dielectric layer. The gate electrode layer may comprise a
conductive material and may be selected from a group com-
prising polycrystalline-silicon (poly-Si), poly-crystalline
silicon-germanium (poly-SiGe), metallic nitrides, metallic
silicides, metallic oxides, and metals. The gate electrode layer
may be deposited by CVD, sputter deposition, or other tech-
niques known and used in the art for depositing conductive
materials. The top surface of the gate electrode layer usually
has a non-planar top surface, and may be planarized prior to
patterning of the gate electrode layer or gate etch. Ions may or
may not be introduced into the gate electrode layer at this
point. Ions may be introduced, for example, by ion implan-
tation techniques. The gate electrode layer and the gate
dielectric layer may be patterned to form the active gates 38
and the dummy gates 34 and 36. The gate patterning process
may be accomplished by depositing mask material (not
shown) such as photoresist or silicon oxide over the gate
electrode layer. The mask material is then patterned and the
gate electrode layer is etched in accordance with the pattern.

After the formation of the active gates 38 and the dummy
gates 34 and 36, source regions 40 and the drain regions 42
may be formed on the active fins 24. The source regions 40
and the drain regions 42 may be doped by performing
implanting process to implant appropriate dopants to comple-
ment the dopants in the active fins 24. In another embodiment,
the source regions 40 and the drain regions 42 may be formed
by forming recesses (not shown) in active fins 24 and epitaxi-
ally growing material in the recesses. The source regions 40
and the drain regions 42 may be doped either through an
implantation method as discussed above, or else by in-situ
doping as the material is grown. The dummy gates 34 over the
ends of the active fins 24 and the body contact fins 26 may be
used to control the epitaxial growth of the source regions 40
and the drain regions 42 as well as the body contacts 44. In an
embodiment, a continuous metal layer may overly the four
active fins 24 in each of the source regions 40 to form three
source regions 40 in each FinFET 28. Further, a continuous
metal layer may overly the four active fins 24 in each of the
drain regions 42 in each of the drain regions 42 to form two
drain regions in each of the FinFETs 28.

In the embodiment illustrated in FIGS. 5A and 5B, the
FinFETs 28 may be configured in a PMOS or an NMOS
configuration. In a PMOS configuration, the active fins 24
may be doped with n-type dopants, the body contact fins 26
may be doped with n-type dopants, the source regions 40 and
the drain regions 42 may be doped with p-type dopants, and
the body contacts 44 may be doped with n-type dopants. In an
NMOS configuration, the active fins 24 may be doped with
p-type dopants, the body contact fins 26 may be doped with
p-type dopants, the source regions 40 and the drain regions 42
may be doped with n-type dopants, and the body contacts 44
may be doped with p-type dopants.

Gate spacers may be formed on opposite sides of the active
gates 38 and the dummy gates 34 and 36. The gate spacers
(not shown) are typically formed by blanket depositing a
spacer layer (not shown) on the previously formed structure.
The spacer layer may comprise SiN, oxynitride, SiC, SiON,
oxide, and the like and may be formed by methods utilized to
form such a layer, such as CVD, plasma enhanced CVD,
sputter, and other methods known in the art. The gate spacers
are then patterned, preferably by anisotropically etching to
remove the spacer layer from the horizontal surfaces of the
structure.
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In another embodiment, the source regions 40 and the drain
regions 42 may comprise a lightly doped region and a heavily
doped region. In this embodiment, before the gate spacers are
formed, the source regions 40 and the drain regions 42 may be
lightly doped. After the gate spacers are formed, the source
regions 40 and the drain regions 42 may then be heavily
doped. This forms lightly doped regions and heavily doped
regions. The lightly doped regions are primarily underneath
the gate spacers while the heavily doped regions are outside
of the gate spacers along the active fins 24.

FIGS. 6A and 6B illustrate schematic symbols for a PMOS
configuration and an NMOS configuration, respectively, for
the FinFETs 28 as shown in FIGS. 5A and 5B. Both of the
schematic symbols illustrate the active gate 38 connected to
the gate terminal, the source region 40 connected to the source
terminal, the drain region 42 connected to the drain terminal,
and the body contact 44 connected to the body terminal.

FIG. 7 illustrates another embodiment of FinFET device
100 wherein the body contact fins 26 have active gates 46
formed over them. The width and length of the active gates 46
may be different than the active gates 38, or the active gates 46
may have a same width and length as the active gates 38 (see
FIG. 7). The active gates 46 over the body contact fins 26 may
form an embedded MOS varactor 50 which may act as a
decoupling capacitor. In an embodiment where the embedded
MOS varactor 50 is configured to act as a decoupling capaci-
tor, the active gates 46 may be connected to a bias node, which
may vary the capacitance of the embedded MOS varactor 50.
Additionally, in an NMOS configuration of the embedded
MOS varactor 50, the active gates 46 may be connected to a
ground node to act as a decoupling capacitor. In a PMOS
configuration of the embedded MOS varactor 50, the active
gates 46 may be connected to a power node to act as a
decoupling capacitor.

In the embodiment illustrated in FIG. 7, the FinFETs 28
and the embedded MOS varactors 50 may each be configured
in a PMOS or an NMOS configuration. In an embodiment
wherein the FinFETs 28 are PMOS and the embedded MOS
varactors 50 are NMOS, the active fins 24 may be doped with
n-type dopants, the body contact fins 26 may be doped with
n-type dopants, the source regions 40 and the drain regions 42
may be doped with p-type dopants, and the body contacts 48
may be doped with n-type dopants. In another embodiment
wherein the FinFETs 28 are NMOS and the embedded MOS
varactors 50 are PMOS, the active fins 24 may be doped with
p-type dopants, the body contact fins 26 may be doped with
p-type dopants, the source regions 40 and the drain regions 42
may be doped with n-type dopants, and the body contacts 44
may be doped with p-type dopants.

FIGS. 8A and 8B illustrate schematic symbols for PMOS
and NMOS configurations for the FinFETs 28 and embedded
MOS varactors 50 as shownin FIG. 7. In FIG. 8 A, the FinFET
28 is PMOS and the embedded MOS varactor 50 is NMOS. In
FIG. 8B, the FinFET 28 is NMOS and the embedded MOS
varactor 50 is PMOS. Both of the schematic symbols illus-
trate the active gate 38 connected to the gate terminal of the
FinFETs 28, the source region 40 connected to the source
terminal of the FinFETs 28, the drain region 42 connected to
the drain terminal of the FinFETs 28, and the body contact 48
connected to the body terminal of the FinFETs 28. In an
embodiment wherein the FInFET 28 is PMOS and the embed-
ded MOS varactor 50is NMOS (see FIG. 8A), the active gates
46 may be connected to a bias node or a ground node to form
a decoupling capacitor. In another embodiment wherein the
FinFET 28 is NMOS and the embedded MOS varactor 50 is
PMOS (see F1G. 8B), the active gates 46 may be connected to
a bias node or a power node to form a decoupling capacitor.
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By replacing the dummy gates 36 with active gates 46 over
the body contact fins 26 to form embedded MOS varactors 50,
the cost of the FinFET device 100 is reduced because the
material for the active gates 46 may be utilized, for example,
as decoupling capacitors. Additionally, the total area of the
FinFET device 100 may be reduced by embedding necessary
capacitors into the already existing structure of the body
contact fins 26 and the gates over the body contact fins.

An embodiment is semiconductor device comprising a first
FinFET over a substrate, wherein the first FinFET comprises
a first set of semiconductor fins. The semiconductor device
further comprises a first body contact for the first FinFET over
the substrate, wherein the first body contact comprises a
second set of semiconductor fins, and wherein the first body
contact is laterally adjacent the first FinFET.

Another embodiment is a FinFET device comprising a first
FinFET over a substrate, the first FinFET comprising a first
plurality of fins, and at least two active gates over the first
plurality of fins. The FinFET device further comprises a first
body contact for the first FinFET over the substrate, the first
body contact comprising a second plurality of fins, and at
least two active gates over the second plurality of fins.

Yet another embodiment is a method for forming a FinFET
device, the method comprising forming a first FinFET com-
prising forming a first plurality of fins over a substrate, form-
ing at least two active gates over the first plurality of fins, and
forming at least two source regions and at least two drain
regions in the first plurality of fins. The method further com-
prises forming a first body contact for the first FinFET com-
prising forming a second plurality of fins over the substrate
forming at least two dummy gates over the second plurality of
fins, and forming at least two body contact regions in the
second plurality of fins.

Although the present embodiments and their advantages
have been described in detail, it should be understood that
various changes, substitutions, and alterations can be made
herein without departing from the spirit and scope of the
disclosure as defined by the appended claims. Moreover, the
scope of the present application is not intended to be limited
to the particular embodiments of the process, machine, manu-
facture, composition of matter, means, methods, and steps
described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosure, processes,
machines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve sub-
stantially the same result as the corresponding embodiments
described herein may be utilized according to the present
disclosure. Accordingly, the appended claims are intended to
include within their scope such processes, machines, manu-
facture, compositions of matter, means, methods, or steps.

What is claimed is:

1. A semiconductor device comprising:

a first FinFET over a substrate, wherein the first FinFET
comprises a first set of semiconductor fins;

a first body contact for the first FinFET over the substrate,
wherein the first body contact comprises a second set of
semiconductor fins, and wherein the first body contact is
laterally adjacent the first FinFET; and

at least two dummy gates over the second set of semicon-
ductor fins, wherein a body contact region is interposed
between a first dummy gate of the at least two dummy
gates and a second dummy gate of the at least two
dummy gates.

2. The semiconductor device of claim 1, wherein the first

set of semiconductor fins comprises at least two semiconduc-
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tor fins, and wherein the second set of semiconductor fins
comprises at least two semiconductor fins.

3. The semiconductor device of claim 1, wherein the first
set of semiconductor fins is parallel to the second set of
semiconductor fins.

4. The semiconductor device of claim 1, wherein the first
FinFET further comprises at least one active gate having a
first width and a first length over the first set of semiconductor
fins and at least one dummy gate over the first set of semi-
conductor fins, and wherein the first dummy gate of the at
least two dummy gates has a second width and a second
length, the first width being equal to the second width and the
first length being equal to the second length.

5. The semiconductor device of claim 1, wherein the first
FinFET further comprises at least two source regions and at
least two drain regions, wherein the source and drain regions
are separated by an active gate.

6. The semiconductor device of claim 1 further compris-
ing:

a second FinFET over the substrate, wherein the second
FinFET comprises a third set of semiconductor fins, and
wherein the second FinFET is laterally adjacent the first
FinFET in a direction opposite the first body contact;
and

a second body contact for the second FinFET over the
substrate, wherein the second body contact comprises a
fourth set of semiconductor fins, wherein the second
body contact is laterally adjacent the second FinFET in
a direction opposite of the first FinFET.

7. The semiconductor device of claim 1, wherein the first
set of fins have a same width and a same length as the second
set of fins.

8. The semiconductor device of claim 1, wherein the first
FinFET further comprises at least one active gate having a
first width and a first length over the first set of semiconductor
fins and at least one dummy gate over the first set of semi-
conductor fins, and wherein the first dummy gate of the at
least two dummy gates has a second width and a second
length, the first width being different from the second width
and the first length being different from the second length.

9. A FinFET device comprising:

a first FinFET over a substrate, the first FinFET compris-
ing:

a first plurality of fins; and
atleast two active gates over the first plurality of fins; and

a first body contact for the first FinFET over the substrate,

the first body contact comprising:

a second plurality of fins; and

at least two active gates over the second plurality of fins,
wherein a body contact region is interposed between
a first active gate of the at least two active gates and a
second active gate of the at least two active gates.

10. The FinFET device of claim 9, wherein the at least two
active gates over the second plurality of fins forms a MOS
varactor.

11. The FinFET device of claim 9, wherein the first FinFET
further comprises at least two dummy gates over the first
plurality of fins, and wherein the first body contact further
comprises at least two dummy gates over the second plurality
of fins.

12. The FinFET device of claim 9, wherein the first FinFET
has a same number of active gates as the first body contact.
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13. The FinFET device of claim 12, wherein the active
gates of the first FinFET are laterally adjacent and aligned
with the active gates of the first body contact.

14. The FinFET device of claim 9, wherein the at least two
active gates of the first body contact are electrically coupled to
a bias node thereby forming a decoupling capacitor.

15. The FinFET device of claim 9, wherein the at least two
active gates of the first body contact are electrically coupled to
a ground node or a power node thereby forming a decoupling
capacitor.

16. The FinFET device of claim 9 further comprising:

a second FinFET over the substrate, the first FinFET com-

prising:

a third plurality of fins; and

at least two active gates over the third plurality of fins;
and

a second body contact for the second FinFET over the

substrate, the second body contact comprising:

a fourth plurality of fins; and

at least two active gates over the fourth plurality of fins,
wherein the first plurality, the second plurality, the
third plurality, and the fourth plurality of fins are
parallel to each other.

17. A method for forming a FinFET device, the method
comprising:

forming a first FinFET comprising:

forming a first plurality of fins over a substrate;

forming at least two active gates over the first plurality of
fins, wherein a first active gate of the at least two
active gates and a second active gate of the at least two
active gates are separated along a longitudinal axis of
the first plurality of fins; and

forming at least two source regions and at least two drain
regions in the first plurality of fins; and

forming a first body contact for the first FinFET compris-

ing:

forming a second plurality of fins over the substrate;

forming at least two dummy gates over the second plu-
rality of fins; and

forming at least two body contact regions in the second
plurality of fins.

18. The method of claim 17 further comprising forming a
first MOS varactor comprising forming at least two active
gates over the second plurality of fins.

19. The method of claim 18 further comprising forming a
decoupling capacitor comprising electrically coupling the at
least two active gates over the second plurality of fins to a bias
node.

20. The method of claim 17 further comprising:

forming a second FinFET comprising:

forming a third plurality of fins over the substrate;

forming at least two active gates over the third plurality
of fins; and

forming at least two source regions and at least two drain
regions in the third plurality of fins; and

forming a second body contact for the second FinFET

comprising:

forming a fourth plurality of fins over the substrate;

forming at least two dummy gates over the fourth plu-
rality of fins; and

forming at least two body contact regions in the fourth
plurality of fins.
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